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METHODS

This investigation was conducted at the
To evaluate relative use of overlapping gridsquares, I computed the ratio of the greater to lesser use-intensity of each gridsquare with at least one fix for each neighbor. These ratios were averaged to provide a mean use-intensity ratio. Its minimum value was 1.0, the case where each overlapping gridsquare was used by both males with equal intensity.
Unless individuals of the species under study can confront conspecifics indirectly (e.g., scent-marking), opportunities for contact must be demonstrated in both space and time. For each case in which overlap exceeded an arbitrary minimum of 0.2 ha, I computed the percentage of simultaneous ( 2 minutes apart) fixes in which both males were in (1) the overlap zone, (2) the same gridsquare, and (3) either the same or 1 of the 8 adjacent gridsquares. Expected values for the first two were determined under the assumption that locations of each grouse were independent. The probability of joint occupation of the zone of overlap was computed as the product of the individual intensities of use of the overlap zone. The probability of joint occupation of the same gridsquare was determined by summing the products of the use-intensities for each male within each overlapping gridsquare.
Simultaneous use of the same or adiacent gridsquares was employed as an index of interaction (visual or physical contact) potential. It was selected because neighbors could have seen one another from adjacent gridsquares in many cases yet could have co-occupied most overlap zones without seeing each other. Thus, the distance limit below which it was assumed that visual or physical contact might have taken place was at most 45 m, twice the diagonal of a gridsquare.
The question of whether real boundaries existed between adjacent ranges was approached by construction of artificial boundaries, or reference lines. The reference line, based on pooled data for all weeks in which both neighbors were radiotracked, was drawn between adjacent gridsquares where the greater overall use-intensity shifted from one neighbor to the other. Some gridsquares used more intensively by a male were non-contiguous; such squares were not included on his side of the line. To evaluate the distribution of overlap zone use relative to the reference line during each week, I computed the percentage of each male's overlap zone use-intensity that was confined to his side of the line and the percentage of overlapping gridsquares on each side of the line that the resident used more intensively than the neighbor. Distances of transgression across the reference line were measured between the centers of the gridsquare in which the location fell and the nearest gridsquare on the other side of the line.
The male grouse I studied lived in a "/16-ha area of dense vegetation, primarily speckled alder (Alnus rugosa). At the center of this area, the length of the error polygon (which contains the true location, if it is assumed that recorded location azimuths are within --0.50 [Heezen and Tester 1967:125]) was 21 m. Error in location data was assumed to be random in both time and direction, with a mean considerably lower than this value. Nevertheless, an unknown but presumably small amount of the overlap recorded was probably the result of azimuth error.
RESULTS
Radio-marked males began drumming on 9 April 1970 and had greatly reduced drumming activity by 10 June. Thirteen 1-week data periods, from 12 March through 10 June, arbitrarily were defined with 9 April as the first day of the fifth week. Sample size varied from 449 to 1,427 fixes/bird (T -913, n 28 weeks) and was not correlated with weekly range size. All radio-marked males were "active, site-associated" drummers (Gullion 1966:718).
Range Overlap in Space
Overlap of the ranges of 2 neighboring males was recorded in 17 of 23 weeks (Table 1). The overlap zone was found to be a single area in all but two instances: weeks 2 and 4 for males 1620 and 1624. In both of these, the zone of overlap consisted of two discrete regions.
The time of drumming onset is apparently a period of relatively unstable spatial organization within the male population. Size of overlap zone (within pairs of neighboring males) was largest in week 4, the week immediately preceding the onset of drumming, and next largest in week 5 (Table 1) . Mean range size of males was also larger in weeks 4-5 than in weeks 6-12 (Archibald 1975:475).
Size of overlap zone (Table 1) Following the onset of drumming (week 5), there was close correspondence between the locations of males' drumming logs and their centers of activity (Archibald 1975). From Aubin's (1970:72) data for an area with a high density of drumming males in Alberta, I computed a mean distance of 0.085 km (n -13) between drumming logs, or geographic centers of several logs, in adjacent territories. This average was similar to the distances between activity centers for the two more closely situated pairs of males on my study area (Table 1) .
In most cases male grouse were not particularly attracted to nor did they avoid the overlap zone as a whole. In 34 cases where individuals' ranges overlapped, a significant correlation (r = 0.84, P < 0.001) was found between observed (i.e., recorded) intensity of use of the overlap zone and that expected on the basis of percentage of range overlapped (Table 1) . This suggested that overlapping areas did not contain important habitat resources unavailable to males in the exclusive portions of their ranges. Apparently, the presence of one male in the overlap zone usually did not attract or deter its neighbor from being there. Observed and expected simultaneous uses of the overlap zone (Table 2) Fig. 1 . Most of the relatively equally used gridsquares toward the upper left-hand portion of the figure contained only one or two fixes for each grouse and apparently were not important to either bird.
Potential for Interaction
Values of the index of interaction potential showed that neighboring males could have displayed in close proximity or fought in 11 of 14 cases (Table 2 ). For males 1620 and 1624, and 1640 and 1641, there was a general trend toward decreasing interaction potential with time. If an inverse relationship is assumed between interaction potential and degree of isolation in space and time, the trend for these birds also can be characterized as one of increasing isolation with time.
For males 1620 and 1624, a relationship between reduction of interaction potential (Table 2 ) and the onset of drumming (week 5) is suggested. These grouse occupied the same or adjacent gridsquares in 66 and 81 percent of the instances of simultaneous use of overlap zones in weeks 2 and 3; the corresponding values for weeks 5 and 6 were only 8 and 10 percent. Potential for contact interaction decreased (Table 2) and distance between activity centers increased (Table 1) 
Distribution of Use-intensity within the Overlap Zone
Several lines of evidence suggested that actual boundaries may have existed between ranges. First, the numbers of noncontiguous gridsquares "conceded" in drawing the reference lines were: males 1620 and 1622, 2, 0, respectively; 1620 and 1624, 2, 20; 1622 and 1624, 2, 2; and 1640 and 1641, 0, 1. The fact that, with the exception of male 1624 in relation to 1620, the overall ranges of neighbors were separable with few conceded gridsquares indicated that actual boundaries may have existed. Second, males usually restricted most of their use of the overlap zone to their side of the reference line and used overlapping gridsquares on their side more intensively than their neighbor (Table 3) . Instances in which these percentages were less than 50 involved both few gridsquares (Table 3 ) and low overlap of zone use-intensity (Table 1) . Third, mean transgression distances were generally near the minimum non-zero value (0.016 km) for males 1640 and 1641, 1620 and 1622, and 1622 and 1624 (Table 3) .
Data for males 1620 and 1624 suggested the development of a stable spatial relationship coincident with the onset of drumming. Both grouse traveled considerable distances across the reference line during weeks 2-4, so it seemed that either no boundary existed or the observance of a previously defined boundary was low. (The drumming logs occupied by both grouse were used during the previous fall.) In contrast, the relatively low mean transgression distances for the last two periods suggested that a boundary developed with the onset of drumming in week 5. Adult male 1620's side of the reference line was transgressed less in terms of distance and number of squares (Table 3) by its juvenile neighbor during the last two periods. Could this shift in the location of the overlap zone toward the range of 1624 have been a reflection of an age-related dominance relationship? Data for males 1640 and 1641 indicated a relatively stable spatial relationship (Fig.  2) . Low mean transgression distances (Table 3) suggested that a boundary line or narrow boundary zone may have existed. However, the higher interaction potentials (Table 2) for weeks 9 and 10 suggested that the boundary still may have been developing. (Neither bird was thought to have been established on its recorded range for more than 7 or 8 days prior to the start of week 9.) A trend toward increase in distance between activity centers with time was evident (Table 1) . the latter was in a mirror trap and, in all cases, found that the captured male reoccupied its log after release.
SPATIAL RELATIONS OF MALE RUFFED GROUSE ' Archibald
Effects of Neighbor Removal
The losses of males 1622 and 1624 provided two natural removal experiments. Following 1622's death (avian predator kill) on 16 April, no evidence was found of increased use of its former range by 1620 or 1624 (Table 4) . Through 28 April, no fresh droppings were found on either of the drumming logs 1622 was known to have used, and no drumming was heard in the area. On 30 April (day 1 of week 8), however, birds were observed drumming on both logs. Several days later, two unmarked juveniles were mirror-trapped: 1640 on 1622's primary log and 1641 on the alternate log. Both of these birds could have been in the area prior to week 8, but, if so, they were not then "active, site-associated" drummers (Gullion 1966:718). Male 1640 replaced 1622 (Fig. 3) . The replacement was not complete, but it clearly included the more intensively used portions of 1622's range. In week 5, 1622's use-intensity of the SPATIAL RELATIONS OF MALE RUFFED GROUSE " Archibald 757 area also occupied by 1640 in week 9 (unshaded area in Fig. 3 ) was 89.9 percent.
There was no evidence of a replacement for male 1624, but his removal did affect the movement pattern of 1620, his nearest known neighbor. Compared with weeks 5-6, 1620's use of 1624's side of the reference line in weeks 8-10 involved less area. However, 1620 moved across the line considerably more often and to a slightly greater average distance following 1624's death (Table 4) Establishment of territorial boundaries enables (1) a shift from intimidation and threat behavior to a display-drummingwith a higher benefit-cost ratio, (2) increased isolation from neighboring territorial males, and, yet, (3) proximity to adjacent territory occupants. I shall consider some possible advantages of each of these aspects in turn.
Establishment of territorial boundaries provides a reduction in intimidation, threat, and, possibly, fighting. If such behavior were prolonged, the probability of both injury and predation would be increased and opportunities to mate reduced. In contrast, drumming serves to warn and repel intruding males (Aubin 1970:45, Gullion 1970) as well as to attract females (Brander 1967). And, notwithstanding repeated production of the drumming sound, a male ruffed grouse is essentially invulnerable to predation while on its drumming log (Meslow 1966, Gullion and Marshall 1968).
Isolation from neighbors permits a territorial male to spend a greater proportion of his time at his "predator-proof" drumming log, to maintain a high level of advertisement and, thus, to enhance his probability of mating. Fowle (1953) and others have suggested that isolation also serves to reduce interference during courtship and copulation. Among forest-dwelling grouse, males of promiscuous species tend to display within sound but not sight of one another (Hjorth 1970). In habitats of restricted visibility, any greater degree of con- When drumming males are removed ex-
